In this paper, the theoretical foundations of generalised fuzzy Bayesian Network based on Vectorial Centroid defuzzification is introduced. The extension of Bayesian Network takes a broad view by examples labelled by a fuzzy set of attributes, instead of a classical set. Combining fuzzy set theory and Bayesian Network's knowledge allows the use of fuzzy variables or attributes that widely used in various applications in science and engineering. It is so highlights the integration of both knowledge's considers the need of human intuition in data analysis. Through the experimental comparison and analysis on the BUPA-liver disorder dataset, the proposed methodology is then validated theoretically and empirically.
Introduction
Over the last decade, a lot of techniques dealing with vagueness and imprecision have drawn the attentions of researchers and applied scientists. In real world phenomena, decisions are made based on information given which is known as data. However, information about decision is always uncertain. The uncertain information may include randomness, vagueness and fuzziness. Tang et al, (2002) claim, there are critical problems of the artificial intelligence research field that always arise which are: how to represent the uncertain information precisely; and how to reason using uncertain information. The theory of probability either in subjective or objective cases can deal with uncertainty due to randomness. Bayesian knowledge has been important tools that can represent the human knowledge under uncertain circumstances. On the other hand, the uncertainty due to vagueness and randomness can be dealt with the fuzzy knowledge.
Bayesian Network is developed method from classical mathematics theory where has a mathematical basis and stable structure development. Theoretically, the Bayesian Network model uncertain knowledge representation and reasoning where the fundamental bases are on probabilities and graph theory (Tang & Liu, 2007) . It shows the factors and their interactions that relate to a response of interest (Jensen & Nelsen, 2007; Pearl 1998) . Constructing Bayesian Network is a graphical and qualitative illustration of relationships among different nodes using directed arcs. In establishing the structure of constructing Bayesian Network is using data sets in machine learning either based on complete or incomplete data (Gasse et al, 2014) . The second way in constructing the Bayesian Network is some researchers have proposed several approaches by using existing models of the system (Boujla et al, 2014). Aguilera et al. (2010) claim one of the most essential advantage of Bayesian Network is that the directed acyclic graphs determine the dependence and independence relationships among the variables, where it is possible to find out, with no need of carrying out any numerical calculations, which variables are relevant and irrelevant for some other variable of interest. The frequentist's model only take mean values into account where the Bayesian construct the model by means of probability distributions. Since nodes are modelled by means of probability distributions, risk and uncertainty can be estimated more accurately (Uusitalo, 2007) . Bayesian Network capable to model complex systems with a large numbers of variable and manageable missing values in input data in proper prediction (Getoor et al, 2004; Uusitalo, 2007) .
However, there are some limitations in handling Bayesian Network where in real world problems, the fact that most of the data available are continuous or hybrid and sometime in fuzzy nature. Even though Bayesian Network can manage them, the limitations are too restrictive (Nyberg et al, 2006; Uusitalo, 2007) . In dealing with imprecision or fuzzy events, Bayesian Network is useful tool to deal with probabilistic theory, but unable to handle these fuzzy events properly since to express the ambiguity of data sets in a model. These models also are not yet incorporated to the typical commercial Bayesian Network software.
In dealing with imprecision or fuzzy events, Zadeh (1965) was introduced fuzzy set theory to represent vagueness or imprecision in a mathematical approach. The main motivation of using fuzzy set theory shows its ability in appropriately dealing with imprecise numerical quantities and subjective preferences of decision makers (Deng, 2013) . It is typical needed that defuzzification plays a significant role in the performance of fuzzy system's modelling techniques (Yager, 1994) . Defuzzification process is guided by the output fuzzy subset that one value would be selected as a single crisp value as the system output. Zimmerman (2000) claims that the fuzzy numbers are represented as possibility distribution where most of the real-world phenomena that exist in nature are fuzzy rather than probabilistic or deterministic.
Centroid defuzzification is most commonly technique that has been applied in various discipline areas where has been explored for the last decade. In ranking fuzzy numbers, centroid defuzzification is classified as one of the major classes where it can provide a very 
The centroids of fuzzy numbers normally are extracted from geometric aspects where is to construct various order relationship from the perspective of membership function to some extent. Fuzzy set theory has done for every single part of the official analysis when dealing with the vagueness and imprecision in human decision making. The power of human being in making logical decisions using imprecise and incomplete information has led to the uncertainty in terms of decision in formativeness.
This paper presents a novel approach that combines fuzzy set theory and Bayesian Network approach using Vectorial Centroid defuzzification which discusses the imprecision in probability of the fuzzy events. While classical Bayesian Network and established Shieh (2007) centroid method that used in Bayesian Network have been employed in this study, the proposed methodology is used there to work only if one can give a probability distribution for all attributes which doesn't seem meaningful in the case of fuzzy truth values. The proposed research covers all possible cases of fuzzy numbers that exist nowadays. This study employs alternative approach to extend the algorithm to cater all possible fuzzy cases. The extension of Bayesian Network into fuzzy states will increase robustness, allows imprecise or contradictory inputs, permits fuzzy thresholds of probabilistic dependence and reconciles conflicting that relates input to output.
The rest of this paper is organised as follows: In Section 2, this paper discuss the theoretical preliminaries of fuzzy set theory, generalised trapezoidal fuzzy number, Bayesian equation and Bayesian Network formulation. This is then proceeded to the proposed work of generalised fuzzy Bayesian Network using Vectorial Centroid method in Section 3. Section 4 discusses validation processes of proposed methodology theoretically and empirically.
Theoretical Preliminaries
In this section, some basic definitions and arithmetic operations concepts are presented in this paper 
Ã is defined on the universal set of real numbers  , where has the following characteristics (Kaufmann & Gupta, 1988) a. 
Generalised Trapezoidal Fuzzy Number
for both triangular and trapezoidal fuzzy numbers, then both fuzzy numbers are said to be in the sort of singleton fuzzy number. The length between a and d are known as the core of the fuzzy number. 
, then the conditional probability of A, given B is (Liu, 2000) ) (
The joint probability is
is a number collection of events. Let X be another event and suppose that
The total probability formula is denoted as
are events in a general case where intersection has positive probability. The multiplication rule of probability of Bayesian equation is ) ,..., , (
Bayesian Network
Bayesian Network represents a directed acyclic graphs (DAG), which consist of nodes, directed arcs and the conditional probability (Pearl, 2000) . According to Cheng et al. (2012) , Bayesian Network is inference engine for the computation of beliefs of events given the observation of other events which is known as evidence, where the calculation of the probabilities of the occurrences of some events given the evidence. For every single node represents each event or variable. The directed arc between two events represent the direct causality and its degree can be expressed as by conditional probability formulation. In Bayesian Network, a node
given its parents is conditionally independent of its non-descendants.
The set of non-descendants of
The set of parent nodes of Let assume that the evidence e is given, and then the Bayesian Network formula can be denoted as
Proposed Methodology
As noted in the introduction, the useful of fuzzy numbers nowadays a widely applied in many research problems in dealing with human intuition in data analysis. In machine learning systems, most of researchers attempt to eliminate the need of human intuition in their data analysis. Human intuition or human judgment can't be eliminated because it can lead us to uncertainty, vagueness and randomness.
In the fuzzy case, the authors generalise the con- bles correspond to generalised trapezoidal fuzzy numbers where capable to represent all type of fuzzy numbers in such a way that can cater human intuition in machine learning systems properly. In various applications in science and engineering, there will be a need to defuzzy the fuzzy values into crisp values. In this section, this study propose a new centroid defuzzification method that can be applied properly in Bayesian Network algorithm. The methodology consist of two stages here namely
A. Stage one
The development of Vectorial Centroid defuzzification method for fuzzy sets.
B. Stage two
The implementation of Vectorial Centroid in Bayesian Network algorithm.
Full description for both stages are as follow: 
Step 2: Connect all vertices centroids points of ,   and  each other, where it will create another triangular plane inside of trapezoid plane.
Step Step 2: The centroid index of Vectorial Centroid, 2 2) (
The computational process of fuzzy Bayesian Network using Vectorial Centroid is
Experimental Setting
In this section, we describe the required parameters to conduct the experiments. The experiment is conducted using 10-fold cross validation on BUPA liverdisorder data set from UCI machine learning repository is used where donated by BUPA Medical Research Ltd (Forsyth, 2015) . This liver-disorder classification dataset has 345 examples, 7 attributes and binary classes for dependent attribute. The first 5 attributes measurements were taken by blood tests that are thought to be sensitive to liver-disorders and might arise from excessive alcohol consumption. The sixth attribute is a sort of selector attribute where the subjects are single male individuals. The seventh attribute shows a selector on the dataset which being used to split into two categories that indicating the class identity. The attributes include: 
Simulation Results
This section illustrates the validation process that are divided into two parts which are theoretically and empirically. Therefore, the theoretical of Vectorial Centroid validation process are as follow
A. Stage one
The relevant properties considered for justifying the applicability of centroid for fuzzy numbers, where they depend on the practically within the area of research however, they are not considered as complete. Therefore, with no loss of generality, the relevant properties of the centroid are as follow: Details on all these cases can be found in the Fig. 3 -Fig. 12 . The accuracy and precision of a measurement system play important role in quantifying the actual measure value. It is commonly used as metric for evaluation of machine learning systems. Accuracy refers to the closeness of agreement between a measured value and the true value. The precision is dependent of accuracy where the model can be very precise but inaccurate. The higher the value of accuracy and precision, the better classification prediction is made. In this research study, Table I shows the accuracy results that show the correctness of a model classifies the dataset in each class. The accuracy results of BN-Classic, FBN-Shieh and FBN-VC are 56.2319%, 56.8116% and 57.3913% respectively. It shows that the proposed methodology is significantly more accurate compared to others. The highest precision in this case study is FBN-VC with 0.552, followed by FBN-Shieh with 0.54 and BNClassic with 0.535.
Kappa statistic technique is a chance-corrected tool that used to measure the agreement of two classifiers and estimate the probability of two classifiers agree simply by chance (Jeong, 2010) . The higher the value of kappa statistic, the stronger the strength of agreement between two classifiers by chance. Referring Table 1 , FBN-VC shows the highest value of kappa statistic with 0.0644 followed by FBN-Shieh and BN-Classic with 0.0419 and 0.035 respectively. The last part in Table I 
Conclusion
This study has addressed a generalised of the fuzzy Bayesian Network that takes into account the need of fuzzy events in variables or attributes in classification case study in which vagueness and ordinality are available. This work recommends new extension of fuzzy Bayesian Network methodology which consist of two stages which are: the development of Vectorial Centroid defuzzification method for fuzzy sets: and the implementation of Vectorial Centroid in Bayesian Network algorithm. For the first stage, the development of new centroid method can cater all the possible cases of fuzzy numbers precisely that matching for human intuition or human judgment. The generalised fuzzy Bayesian Network using proposed method on stage two is easily capable constructed and handled in data analysis when dealing with fuzzy data sets.
Shieh (2007) method shows some shortcomings where it can't compute for singleton cases. The proposed Vectorial Centroid method capable in handling all possible cases of fuzzy numbers and its looks more balance compare to Shieh (2007) method in discovering centre point where Vectorial Centroid has three multiple centre points, α, β, and γ that used to support more the shape in Cartesian plane before we find the core centre point. This proposed method can be used in many applications either in fuzzy problems or machine learning systems where it can cater all possible cases of fuzzy events.
Moreover, this study can be valuable alternatively in the set of existing Bayesian Network for many problems in machine learning problems. For the theoretical validation, there are four relevant properties for centroid development are constructed and well proved, where corresponding with all possible fuzzy numbers representation. Several tests for validation have been done and the results have been studied in-depth using BUPA liver-disorder classification dataset from UCI machine learning repository dataset. The validation results show the proposed research study more efficient and consistent in dealing with fuzzy events empirically. Finally, it can be concluded that the main focus of this research study can be proceeded in order to make some contributions by considering real case study drawn for diverse fields crossing ecology, health, genetics, finance and so forth. In the future, we are planning to focus on generalisation of the proposed Vectorial Centroid method for type-2 fuzzy sets and Z-numbers under the uncertainty and reliability conditions. 
